An experimental investigation of closed loop pulsating heat pipes (CLPHPs) with a hydrocarbon as working fluid determine the effect of heat transfer and overall system performance at a given constrained dimensional heat source. The experimental investigation included start-up time and temperature, the average, minimum, and maximum evaporator temperature during its operation, the overall heat transfer capability, and the overall thermal resistance of the system, also the behaviour of CLPHP under different heat inputs and with the different working fluids. To achieve the goal the experimental setup is fabricated and tested with two different working fluids Acetone and Methanol with the filling ratio of 60 %. This work provides the detailed discussion on the thermal performance of CLPHP with Acetone and Methanol as working fluid and behaviour of CLPHP at different heat inputs.
INTRODUCTION
The Pulsating Heat Pipe (PHP) is a two-phase passive heat transfer device proposed and patented by Akachi (1990) . The closed loop pulsating heat pipe (CLPHP) is a heat exchanger with very high thermal conductivity. It was invented to meet the requirement for smaller heat transfer device. It can transfer sufficient heat for heat dissipation applications in modern electronics devices. The CLPHP is made of a long copper capillary tube, bent into an undulating tube and connected at the ends to form a closed loop with no internal wick structure. conducted experiments on a PHP made of copper capillary tube of 2 mm inner diameter for three different working fluids viz. water, ethanol and R-123. The PHP was tested in vertical (bottom heat mode) as well as horizontal orientation and indicated that, a 100% filled PHP (not working in the pulsating mode but instead as a single-phase buoyancy-induced thermosyphon) is thermally better performing than a partially filled pulsating mode device under certain operating conditions. studied that, complete stop-over is in the loop occurs more frequently for filling ratio < 50% coupled with low heat input power. Stop-over phenomenon has also been observed for higher filling ratios. The 'self-sustained' oscillating character is then lost, such a behavior has never been reported for multi-turn PHPs because of alternating periods in which bubble plugs are moving rapidly (activity phase) and 'stopping' (static phase). Khandekar et al. (2009) observed that the quasi-steady state corresponding to best thermal performance consists of continuous unidirectional flow circulations, while the state corresponding to poor thermal performance is characterized by the intermittent bidirectional * Corresponding author. Email: roshan.bhagat25@gmail.com flow reversals. Oscillating Taylor bubble flows require immediate attention (Khandekar et al., 2010) , unless the nuances of oscillatory confined bubbles in small capillaries is well discerned, the net pressure drop correlations for a PHP cannot be exhaustively constructed. Dadong and Cui (2010) indicated that the thermal resistance decreases with the increase of the heating power at the same filling ratio. For the pure working fluid PHPs, the thermal resistance is decreases in the sequence of water, ethanol, Methanol and Acetone. Narasimha et al. (2012) studied that, at atmospheric condition; the saturation temperature is higher compared to evacuated situation. Thus more liquid phase exists in the tube with a consequent increase in the heat transfer. Charoensawan et al. (2003) indicated that in vertical orientation for the 2.0 mm devices, water filled devices showed higher performance as compared to R-123 and ethanol. Whereas in 1.0 mm devices, R-123 and ethanol filled devices showed comparable performance but water showing very poor results.
Bhagat R.D., Watt K.M., (2015) observed that the Acetone as working fluid has higher value of bond number and lesser thermal resistance whereas Methanol has higher thermal resistance and lower value of bond number. So the working fluid with higher value of bond number gives higher thermal performance than the working fluid with lower value of bond number.
Working fluid is partially filled in the tube. The CLPHP has a condenser, evaporator and adiabatic section. As any other two phase passive thermal control device, heat is acquired from the source through the evaporator section transferring it to the working fluid where the slug/plug pumping action will be generated. The working fluid then flows by the adiabatic section towards the condenser section. On a closed loop configuration, the working fluid is allowed to circulate and after
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Available at www.ThermalFluidsCentral.org being condensed and returns to the evaporator section to complete the loop. The tube is evacuated and consequently partially filled with working fluid. Since an inner diameter of the tube is very small and then meets a capillary scale, the inside working fluid forms into liquid slugs alternating with vapour plugs along the entire length of the tube.
The pipe is first evacuated and then filled partially with a working fluid. If the diameters of CLPHP is not too large, the working fluid distributes itself into an arrangement of liquid slugs separated by vapour bubbles. One end of this tube bundle receives heat transferring it to the other end by a pulsating action of the liquid-vapour/slug-bubble system. The liquid and vapour slug/bubble transport is caused by the thermally induced pressure pulsations inside the device and no external mechanical power is required. The type of working fluid and the operating pressure inside the pulsating heat pipe depends on the operating temperature of the heat pipe. The region between evaporator and condenser is adiabatic. The heat is transfer from evaporator to condenser by the means of pulsating action of vapour and liquid slug.
The objective of the present work is to study the CLPHP with hydrocarbon as working fluid with three turns in the evaporator section and two small turn and one large turn in condenser section. In the present work thermal performance of CLPHP with Acetone and Methanol as working fluid is investigated at different heat inputs having filling ratio of 60 %. Also the effect of water bath temperature on evaporator and condenser temperature of CLPHP with Acetone and Methanol as working fluid is studied.
EXPERIMENTATION
The purpose of this initiative was to combine fluid dynamics and heat transfer to create a device capable of transferring heat within the small distance. The first phase focused on fabricating the apparatus and performing the initial testing to gain preliminary insight into its functionality. In addition to successfully transferring heat from heat source to the heat sink, this task provided an opportunity for experimental learning and device creation and targeted design through engineering principles.
Setup Description

Working Fluid
Working fluid is the most important factor that significantly influence on the thermal performance of CLPHP. Hydrocarbon working fluid involves Acetone, Methanol, Ethanol, Methane and Pentane. Experimental setup consists of CLPHP with Acetone and Methanol as working fluid. The boiling point of Methanol is 64 and Acetone 57 , 60 % filling ratio has been used for Acetone and Methanol.
Copper Tube
Compatibility of copper with Acetone and Methanol as working fluid made it possible to use copper tube for preparing the experimental setup. The inner diameter of copper tube is 2mm and outer diameter of 3mm. The small diameter is chosen so as to have capillary action. The copper tube is bent into three small turns in evaporator section and two small turns and one large turn in condenser section.
Digital LASER Thermometer
For measuring the evaporator temperature i.e. from to and condenser temperature from to as shown in Fig. 1 the digital LASER thermometer is used. The digital LASER thermometer provides to flexibility to measure the temperature over the entire length of the copper tube.
Evaporator Tank
The evaporator tank design to the dimension of 8 ℎ × 6 ℎ × 4 ℎ, so as to occupy the heating element and to have sufficient amount of water inside the evaporator tank for heating the copper tube, with the water bath heating is done.
Condenser Tank
The surface area of copper tube inside the condenser tank should be higher than the surface area of copper tube inside the evaporator tank hence the dimension of condenser tank is taken as12 ℎ × 3 ℎ × 4
ℎ. The condenser tank should hold sufficient water so as to have heat rejection by the working fluid through the copper tube and to have condensation of working fluid.
Coil Heater
The coil heater with capacity of 500 Watt is used to heat the water inside the evaporator tank.
Temperature Indicator for Water Bath in Evaporator
For measuring the water bath temperature inside the evaporator tank, temperature indicator is used to monitor the temperature of water bath so as to prevent the excessive heating of water which may cause the dry out of working fluid in the copper tube.
Variable AC Power Supply
For changing the heat inputs to the coil heater variable AC power supply is used. 0-240 VAC can be adjusted with the help of dimmerstat. Digital voltmeter and ammeter are connected to show the voltage and current reading.
Control Panel
Digital voltmeter, ammeter and water bath temperature indicator are mounted on the control panel.
Tank Material
Evaporator and condenser tank are prepared with acrylic. Acrylic is non conducting material and heat loss to the surrounding is kept minimum. Magnabond instant adhesive is used for preparing leak proof tank.
EXPERIMENTATION AND TESTING OF CLPHP WITH ACETONE AND METHANOL AS WORKING FLUID.
The experimentation performed on CLPHP by heating the water bath with the help of coil heater. The heat inputs to the coil heater can be adjusted by using 0 to 240 VAC power supply. Heat transfer by convection takes place from water to the copper tube and heat is conducted through the copper tube, this heat is now transferred to the working fluid present inside the copper tube. This working fluid reject heat to the water available in the condenser tank by sensible heat of liquid and latent heat of vapour.
The evaporator temperature to and condenser temperature to measured with the help of digital LASER thermometer. The twelve temperature points are as shown in the Fig. 1 . The thermal resistance of CLPHP was calculated for the given heat inputs by taking the temperature difference between the evaporator and condenser and dividing it by the heat input. 
RESULT AND DISCUSSION
RESULT
It was observed during the experimentation that as the water bath temperature increases there is increase in evaporator and condenser temperature of CLPHP. With increase in the heat input the thermal resistance of CLPHP decreases. For Methanol it was observed that the thermal resistance decreases with increase in heat input. For Acetone it was observed that the thermal resistance of CLPHP first increases then decreases. After comparing the thermal resistance of CLPHP with Acetone and Methanol as working fluid, it was observed that at the same heat input and the filling ratio of 60 % Acetone has lesser thermal resistance than Methanol. CLPHP with Acetone as working fluid gives higher thermal performance. Also it was observed from the table 1 that if the heat input is kept constant for some duration the thermal resistance is increase as shown in table 1 for the heat input of 26.5 watt initially the thermal resistance was 0.0547 for Acetone and 0.09874 for Methanol but this thermal resistance is increase if we observed the last reading of 26.5 watt the thermal resistance was found to be 0.13548 for Acetone and 0.1987 for Methanol. This shows that if the heat input is kept constant for longer period of time the thermal resistance of both working fluid increases. But when the heat input is change as if we observed the reading from 26.5 watt to 37.8 watt, there is sudden drop in the thermal resistance for Acetone from the value of 0.135 to 0.1062 and for Methanol drop in the thermal resistance from 0.1987 to 0.1419. When the heat input was not kept constant as per the reading at 221.85 watt to 360.75 watt, sudden drop in the thermal resistance was observed for Acetone and Methanol. The thermal resistance of Acetone was change from 0.1449 to 0.09 and for Methanol the thermal resistance was change from 0.1667 to 0.1097. At negligible heat input of 1 watt, the thermal resistance of Methanol found to be very high as depicted in Fig. 3 . The evaporator temperature increases more rapidly when both the working fluid reaches to their boiling point this can be observed from the Fig. 2 the evaporator temperature of Acetone and Methanol increases rapidly after heat input of 67.2 watt. And there is more difference in the evaporator temperatures for Acetone and Methanol after the heat input of 104 watt this is clearly observed from the Fig. 2 . Whereas the condenser temperature remains nearly same for both working fluid till the heat input reaches to 163.75 watt but after that some difference can be observed up to the heat input of 238.5 watt as shown in Fig. 2. 
SOURCES OF ERRORS
 The temperature of tube from to is measured with the help of digital LASER thermometer, the accuracy of digital LASER thermometer depends on the distance to spot ratio. Hence, improper distance to spot ratio has possibility of creating errors while measurement of evaporator and condenser temperature.  For investigating the thermal performance of CLPHP with Acetone and Methanol as working fluid, the temperature should be noted at ambient condition, there could be errors while the observations obtained with different working fluids, if water bath temperature is not same in all experimentation.  Heat loss from water to the surrounding should be minimize to maximum possible extent to avoid deceptive evaporator and condenser readings.  Care should be taken to avoid excessive heat inputs which may cause drying out of working fluid in the tubes.
CONCLUSION
When water bath temperature increases, there is increase in the evaporator and condenser temperature of CLPHP. The condenser temperature increases more rapidly when the water bath temperature reaches to the boiling point of working fluid used in CLPHP. The thermal resistance of CLPHP decreases with increase in heat input. The thermal resistance of CLPHP with Acetone as working fluid is less as compared to thermal resistance of Methanol at same heat inputs and filling ratio of 60 %. Hence from the experimentation, it can be concluded that out of the two hydrocarbon working fluids, the thermal performance of Acetone is higher. CLPHP is a highly attractive heat transfer technology due to its excellent thermal performance, it is expected to meet the requirement for smaller heat transfer device which can transfer heat with minimum temperature difference. 
NOMENCLATURE
